Abstract. The paper presents an empirical model of acceptance of mobile phones by elderly people. It is based on an extension of the widely used TAMTechnology Acceptance Model and aims specifically at investigating the relationship among intrinsic and extrinsic motivations to use. The data consists of 740 questionnaires from people over 65 years old. The validated model shows that intrinsic motivations play an important role albeit always mediated by utilitarian motives. Similarly, it emerges a strong influence of the reference social group (children and relatives) in increasing the utilitarian values of the use of mobile phones. These findings suggest that mobile phone usage by elderly might not be, after all, too much different, from a motivational point of view, from that of younger or adult people.
Introduction
Currently, people aged over 65 represent approximately 13% of the population, a figure that is expected to increase by 2030 [8] . Although the elderly is still underconsidered in the technology world and seen as a "non technological" person, a substantial amount of studies contend this stereotype [see for example 9] . Indeed, there is no evidence that older people reject technology more than people of other ages; elderly, as anyone else, accept and adopt technology when the latter meets their needs and expectations [49] . Older people can be expected to have a different approach to technology from younger people. Because of sensory, motor, and cognitive changes due to ageing, older people might need more time to learn, be more error-prone, and need more steps to operate the system.
In this paper, we first propose and then investigate on a large group of elderly people living in northern Italy, a model for the acceptance of mobile phones (MP), operationalizing acceptance as the "intention to use" the technology. A major goal of the proposed model is to empirically investigate the motivational structure underlying MP acceptance, by considering both extrinsic (utilitarian) and intrinsic (hedonic) motivations. The results confirm the importance of utilitarian considerations, and particularly of the perceived usefulness, as a driving factor for the intention to use the MP. Yet they also show how intrinsic motivations, and in particular those concerning self-realization and enjoyment, play an important role, even if the latter is still mediated by utilitarian consideration. Much as for younger people, social pressure is important also for older people, the difference mostly concerns the type of reference group: the children and the relatives for the elders and the peers for young people. Another important aspect emerging from our study is that the perceived ease of use and the need for support to use MP persist even after years of usage. Compared with the evidence found in the literature showing that those relationships are typical of early stages of technology usage, our findings suggest that older people do not go beyond an initial approach to the MP, but maintain a certain distance with respect to it, even after years of frequent usage.
Related works
Despite its enormous growth and social diffusion, the amount of studies in the area of acceptance of mobile phones is relatively small. In recent years, however, researchers have started to focus on the social and psychological aspects of the MP diffusion, and on its impact on people's daily lives and relationships. In consideration of the enormous adoption of the MP among young people, most efforts have been devoted to this age group, with only few studies at present targeting older people. Indeed, younger people have for long been the most active MP users, but in the last few years its usage by people over 60 has also been growing very rapidly. According to a recent survey, in Italy 58.5% of the people between 65 and 74 and 26.6% of those above 75 use the MP, with a much higher growth trend in this age group than in others [21] .
According to Ling et al. [28] MPs gained so much popularity because they allow people to stay in touch and have easy access to information anywhere and anytime. Among younger people, the motivations towards the use of the MP are social and psychological [10] . Adolescents feel the power of the group, need to be part of a social network, and through the mobile phone they can nurture active networks of social relationships, and prevents the exclusion from the group. With adult users, the initial adoption of the MP seems to rest on safety and job-related reasons rather than social and hedonic ones. The flexible access to information has permitted both an increased productivity, and a timely access to help and support in case of need, improving users' feeling of personal and family security. Safety and security are recognized as most important reasons for MP adoption also among frailer (older and disabled) people, with a positive impact on personal independence [1] and self-image [35] . Aecent work in the tradition of acceptance modelling [45] has highlighted the importance of the distinction between utilitarian and hedonic technologies, and of the related distinction between intrinsic and extrinsic motivations, for the construction of explicit models of technology acceptance. Utilitarian technologies are meant to provide outcomes that go beyond the interaction with the system, usually aiming to provide as much instrumental added value as possible in terms of efficiency and performance. In contrast, hedonic-oriented technologies provide self-fulfilling value to the user; people do not have specific objectives to accomplish, nor do they worry about how and/or when to achieve it. In typical hedonic scenarios e.g. computer games, the focus is not on the instrumental function, but on the interaction with the
The model
The model we propose builds on the Technology Acceptance Model (TAM) [11] . TAM aims to discover the impact of external variables on internal beliefs, attitudes and intentions. It assumes that the actual usage of a technology depends on the individual's intention to use it, which is, in turn, influenced by the perception of the advantages and of the easiness related with technology usage. TAM has been widely used in the literature for investigating technology acceptance, receiving extensive empirical support, as well as extensions to make it more capable to cope with different aspects of technology acceptance. According to Davis et al. [12] we used a modified version of TAM, where the intention to use a system (BI) is directly and significantly influenced both by the Perceived Usefulness of it (PU) and the Perceived Ease of Use it (PEU), without passing through attitude as in the original TAM. This version has been named Parsimonious TAM (pTAM) by Sharp [41] . Below we briefly review studies that modified TAM to account for mobile technology acceptance; none of them targeted a specific age group.
Kwon and Chidambaram' [24] model included: individual characteristics, Perceived Ease of Use, Perceived Usefulness, Enjoyment (an intrinsic motivation), and Social Pressure. Results pointed out a non significant general effect of individual characteristics (gender, income, occupation) on BI to use the mobile phone; age had a significant and positive association with Social Pressure, meaning that older people experience more social pressure in their usage of the MP. The Perceived Ease of Use was also an important factor influencing MP acceptance, and was strongly associated with Enjoyment. Nysveen et al. [34] In building our model, we have focused on: a) the motivational structure of MP acceptance (intrinsic vs. extrinsic motivations), b) the influence of the social environment, c) facilitating conditions that may make the usage of the MP easier for the older person and, d) a specific outcome of MP usage consisting of an increased sense of safety. Here follows a review of works that have considered similar constructs in the investigation of the relationship between older people and advanced technologies. According to Ling and Haddon [30] , there are several motives associated with the acceptance of the mobile phone, both for young and older people, including accessibility to information, display characteristics, arranging appointments, and safety that is a relevant factor especially for older people. Oksman [35] investigated the use of, and opinions about, the mobile phone by Finnish older people, reporting that many of them wanted to purchase it to increase security and communication, mostly with family member; recently, however, the usage of the mobile phone for communications with friends and acquaintances has increased. Kurniawan [23] reported that older people find the mobile phone more useful if it supports personal communication and provides sense of security, acting as a means of social integration and enhancing autonomy. Phang et al. [37] used TAM to examine the acceptance of an e-government system by older people. They introduced another intrinsic motivator, Self-Actualization as antecedent of Perceived Usefulness. They also investigated the effect of declining physiological conditions on Perceived Ease of Use, failing to find any, probably because of adaptive/compensatory behaviours by older people. The proposed model is displayed in Figure 1 . It integrates a pTAM core with Social Influence (SI), Enjoyment (ENJ; an intrinsic motivation), Perceived safety (PS, a relevant outcome), Support to the use of mobile phone (SUP, a facilitating condition) and Self-actualization (SA, another intrinsic motivator). The next subsections discuss the model in greater detail.
pTAM constructs: Behavioural Intention to Use (BI), Perceived Usefulness (PU), and Perceived Ease of Use (PEU)
Following a common practice, we operationalize the notion of acceptance by means of the construct of Behavioural Intention to use the system (BI) [13] .
To capture extrinsic motivation we exploit TAM's Perceived Usefulness (PU), defined as the extent to which a person believes that using the given technology will enhance his/her performance [12] . PU picks up utilitarian concerns and the instrumental value attributed to the technology. A significant body of research has shown that PU is a strong determinant of BI [48] . Initial evidence that the PU→BI relationships might hold for elderly was provided by Phang et al. [37] , though with a different technology (e-government systems).
Perceived Ease of Use (PEU) is defined as the degree to which a person believes that using a system will be free of effort [12] ; in a way, it measures the degree of perceived workload due to the usage of the system: the higher PEU, the lower the perceived workload, and vice versa. Several studies pointed out the influence of PEU on BI and on PU [26] , providing support to the idea that an easier technology is felt as more useful, and induces a stronger intention to use the system. It should be noted, however, that there is a certain consensus that the PEU→PU relationships holds mainly at the initial stages of technology usage, vanishing when acquaintance with it solidifies. Initial confirmation for the PEU→BI link with the MP was provided by Kwon and Chidambaram [24] . Phang et al. [37] , in turn, found support for both PEU→BI and PEU→PU relations for seniors in their study on e-government services acceptance. In the context of our study, these hypotheses assume that a lower perceived workload when using the mobile phone will make elders keener to use it, and will increase its instrumental value.
H1
. Perceived Usefulness has a positive effect on BI. H2. Perceived Ease of use has a positive effect on PU. H3. Perceived Ease of use has a positive effect on BI.
Social Influence (SI)
We define Social Influence as the degree to which an individual believes that people who are important to her think she should perform the behaviour in question [48] . We understand it as the feeling of being influenced by relatives and friends (Significant Others) in own usage of the MP. Several works [25, 43, 48] have investigated the possibility that SI affect BI, both directly and indirectly through the mediation of PU. Lee et al. [25] concluded that SI has an unclear effect on BI appearing as a weak predictor in some studies, while having a significant relevance in others. Concerning the mobile phone, SI has been investigated by Teo and Pok [43] as a construct influencing the adoption of a WAP mobile phone among Internet users. They found a positive association between SI and BI, suggesting that people's BI towards adopting a WAP-enable mobile phone is positively related to the influence of their reference groups. Teo and Pok [43] reported that Social Influence has greater effect when the behaviour is new and at the initial stages of adoption. Hypothesising that older people are little experienced with technology in general, they might be expected to follow relatives' opinions in their adoption choices.
H4
. Social Influence has a positive effect on PU. H5. Social Influence has a positive effect on BI.
Enjoyment (ENJ)
Enjoyment (ENJ), an intrinsic motivation, refers to the extent to which the interaction with the system is perceived to be enjoyable in its own right, apart from any performance consequence that may be anticipated [13] .
A growing number of studies suggest that people purchase a mobile phone not just as a business tool but also as a source of enjoyment [24] . Usually ENJ has been studied in relation to technology adoption by young people. We hypothesise that it plays an important role also with older people. Many studies [2, 45] use Enjoyment as an antecedent of PEU and PU, meaning that an enjoyable system is also easier to use and more useful. That is, a high level of Enjoyment increases the instrumental value of the technology [2] and lowers the cognitive burden (the more I enjoy, the more the technology is easy to use). In this work we extend these considerations to the relationship between older people and the MP. Several authors [e.g. 49] found that there is no direct effect of Enjoyment on BI. Chesney [5] , however, pointed out the importance for this relation of the system (hedonic vs utilitarian) and of the context where it is used. Following Heerink et al. [17] , we assume that with mobile phones (being them at least partially hedonic), enjoyment directly influences the intention to use the mobile phone.
H6. Enjoyment has a positive effect on PU. H7. Enjoyment has a positive effect on PEU. H8. Enjoyment has effect on the BI.
Perceived Safety (PS)
Safety is the state of being "safe", the condition of being protected against physical, social, financial, psychological, etc., damages. In this study we consider the possibility that with seniors such a feeling is supported by the usage of the MP, e.g., to face unwelcome situations.
According to Aoki and Downes [3] , personal safety is the initial motivation for many young people to obtain a mobile phone from their parents. The few studies about older people and the mobile phone [23] confirm that one of its most important functions is securing a sense of safety. We hypothesize that PS unfolds its effects by directly affecting both PU and BI, so that the more the MP fosters a sense of safety, the more people will find it useful and the more willing to use it they will be.
H9
. Perceived Safety has a positive effect on Perceived Usefulness. H10. Perceived Safety has a positive effect on Behavioural Intention.
Mobile Phone Support (SUP)
Originally, Support referred to the help provided by others to the person in her usage of a computer, in form of resources and knowledge [21] . This definition readily extends to the MP and older people. Getting support is very important to help users to overcome barriers with technology, especially during the early stages of use [48] . Igbaria et al [21] , Venkatesh and Morris [48] , and Phang et al [37] all showed that Support is positively linked to PEU with several technologies. Richardson et al. [39] found similar results for older people's use of internet in non-workplace settings, where participants expressed their explicit need for support from relatives and friends.
We hypothesize that, since older people may be relatively unfamiliar and unsure of mobile phone usage, support by other people such as family members or friends can be a facilitating condition that increases PEU. Following Nysveen et al. [34] , we also speculate that receiving support in using the MP increases the intention to use it.
H11. Support has a positive effect on PEU. H12. Support has a positive effect on BI.
Self-Actualization (SA)
Self-actualization refers to the motivation to achieve everything one is capable of [31] . In Maslow's pyramid of needs, SA sits on the top, meaning that it is one of the most important needs to satisfy, by attempting to develop one's identity, increasing expectations and potentials, and achieving a significant social status. A high level of self-actualization co-occurs with people openness to new experiences and to the learning of new ideas and skills [37] . New technologies, in particular computers, allow people to exchange and gather information, and explore more and more of the world, contributing to actualize the self. Technologies that connect individuals, peers and social groups (as the MP does) hold great potential for learning, personal growth and life enhancement. Finally, the self-actualization tends to be more salient in later adulthood [31] .
Following Phang et al [37] we exploit SA as a potential antecedent of PU, hypothesising that a higher SA increases the instrumental value of the mobile phone. Moreover, since SA is connected to intrinsic motivation [4] , we theorize that it will also affect Enjoyment in MP usage. Finally, we hypothesise that a highly motivated person who wants to actualize herself by using a MP will experience less effort in using it. H13. Self-actualization has a positive effect on PU. H14. Self-actualization has a positive effect on Enjoyment. H15. Self-actualization has a positive effect on PEU.
To explore the model presented above, a survey was conducted by means of mailed questionnaires. Each participant received an envelope containing the questionnaire, a letter of presentation and a second pre-stamped envelope for returning the filled questionnaire. No replying incentive was provided.
Each construct of the research model was measured using standard scales from the literature; when necessary, the scales were adapted to the domain of the study. Subjects were asked to indicate the extent of their agreement/disagreement with each statement of the various scales by means of seven-point Likert scales, anchored to 0="strongly disagree" and 7="strongly agree". Social Influence was measured by the three-item scale used by Hong and Tam [19] to investigate the adoption of mobile data services. We measured Perceived Usefulness through Venkatesh and Morris' scale [48, cit. in 26] . Perceived Ease of Use was investigated by means of the scale by Nysveen et al. [34] . Safety was measured by the seven-item scale used by Aoki and Downes [3] . To address Enjoyment we used a three-item scale by Davis et al. [13] . Support was measured by a four-item scale found in [14] . For BI we used Wixom and Todd's [52] scale, while for Self-Actualization, Porter's scale [cit. in 37] was exploited. More details about the scales can be found at the following url: http://www.mediafire.com/?mytwmyrz4cl.
A pilot study was conducted to assess the content of the questionnaire in terms of intelligibility, format and wording. The study involved 24 senior citizens (mean age: 70 years) who were contacted in several Elders Aggregation Centres in Trento, Italy. They compiled the questionnaire together with an experimenter who took notes of doubts and observations. The subjects were then interviewed about their personal experiences with mobile phones and their attitude towards them, reasons for use and not use and anecdotal facts. The results of this pilot study were used to finalize the questionnaire.
Participants
The sample consisted of 2970 people participating in the activities of the Third Age University of Trento. We received 1193 replies, with a response rate of 40%. After discarding incomplete questionnaires, 740 of them were retained for analysis. Among the respondents, 26% of them were male and 74% female. The distribution according to age was: (65-69) 33%, (70-74) 37%, (75-79) 20%, (≥80) 10%. The majority reported to own a mobile phone for longer than one year; 33% of the subjects declared to use it every day, 40% several times per week, 24% several times per month, and 3% to never use it.
Data analysis
To analyze the model, PLS-Graph [7] was used. The assessment of the validity of the measurement model (convergent and discriminant validity; reliability) was conducted according to guidelines in [16] . All the relevant criteria were satisfied. For reasons of space, the details of the analysis of the measurement model (including loadings and cross loadings, values of average variance extracted, composite reliability and so on) are not presented here but can be found at http://www.mediafire.com/?mytwmyrz4cl. The structural model was assessed by computing the significance of the path coefficients through t-testing the results of a bootstrap procedure (200 iterations); the results are reported in Table 1 . As can be seen, all the relations are significant except for PS→BI and ENJ→BI. Perceived Usefulness, Perceived Ease of Use, Social Influence, and Support were significantly related to the Behavioural Intention to use the MP, hence supporting H1, H3, H5, and H12; the hypothesised influences of Perceived Safety and Enjoyment on BI were not supported (H8 and H10). Perceived Usefulness was significantly affected by Social Influence, Perceived Safety, SelfActualization, Enjoyment, and Ease to use (H2, H4, H6, H9, and H13). Perceived Ease of Use is significantly influenced by Enjoyment (H7), Support (H11) and SelfActualization (H15). Though, since the relation between SUP and PEU is negative, H11 is not supported. Finally, the strong relation between Self-Actualization and Enjoyment supports H14. Once non-significant relationships are dropped, the final model reproduced in Figure 2 is obtained, which reports both the path coefficients and the values of the explained variance, R 2 .
Fig. 2. Final Model

Discussion
In accordance with the results reported in the literature, feeling safe is a crucial issue for older people; it acts on the intention to use the MP only indirectly, by increasing its utilitarian value. Intrinsic motivations are important factors for older people's adoption of the mobile phone. Enjoyment, which has mostly been studied in relation to young people, has the hypothesised effects of increasing the utilitarian value of the mobile phone, as well as its perceived ease of use. Hence, experiential aspects (enjoyment, fun, etc.) are efficacious on mobile phone acceptance in so much as a) they acquire an instrumental value ("I enjoy myself using the mobile phone, hence it is useful, hence I intend to use it"), and b) they contribute to lower the perceived cognitive load. Acceptance of the MP by the elder seem to be built up from utilitarian considerations [3] , which are, however, strongly modulated by experiential aspects. Self actualization, the other intrinsic motivator, plays a very similar role to that of Enjoyment: it increases the utilitarian value (PU), lowers the cognitive load and improves the quality of experience (Enjoyment), providing support to Burleson's theory about the synergy among self-actualization, creativity and intrinsic motivations. Thanks to these influences, SA has an important, even if indirect, impact on BI, mediated again by utilitarian considerations.
There is distance between the old person and the mobile phone, though. This is shown by the highly significant relationship between PEU and BI. From the literature we know that in the adoption of technology in organizational settings the perceived ease of use is an important factor at the early stage of adoption, losing its force later on. This is a variety of the novelty effect: technologies that are new, and with a mainly utilitarian value (as the MP, as it turns out), motivate the users to carefully consider the ease of use of the technology when forming their intentions to use it. This effect tends to disappear with practice and with the increase in proficiency in technology usage. Our subjects patterned like early and non-proficient users of utilitarian technologies, in spite of the high frequency of use, and the fact that almost the totality of our subjects has owned a MP for more than 4 years. These findings suggest that even after years of frequent usage, the MP is still perceived as a new and distant technology by older people. This conclusion finds further support in the confirmed effect of SUP on BI. Much as PEU, also the need for support is typically more important at the initial stages of technology adoption. The persistence of its importance for the intention to use the MP (and its inverse relationship to PEU) is coherent with the idea of a stable distance between the MP and older people. Finally, the importance of the pressure from the social environment (in our case, mainly children and other relatives) is confirmed, both as a determinant of extrinsic motivation (PU) and, directly, on the intention to use the MP.
Conclusion
The contribution of this study is the development and testing of a model addressing a number of dimensions that the literature indicates as potentially relevant to the acceptance of mobile phones by older people. The model builds on pTAM, extending it with constructs that a) complete the motivational structure (Enjoyment and Self Actualization), b) consider the roles of relevant outcomes of the MP usage (Perceived Safety), facilitating condition (Mobile Phone Support) and social environment. As far as we know, this is one of the first attempts aimed at developing and testing a comprehensive model of older people acceptance of the MP.
We believe that the conclusions of this study are quite robust, because of both the statistical method used to analyse the data (PLS) and the size of the sample exploited (740 valid questionnaires). In this connection, we notice that no attempt was made to make the sample representative of the population of reference (e.g., through stratified sampling), and, indeed, it would be advisable that our study be replicated by adopting sampling procedures granting representativity. Still, due to the characteristics of the sample, which includes people from urban and rural areas, with different socioeconomical conditions, and an age distribution that is very close to that of the population of reference, we believe our study provides a good and reliable account of the factors underlying MP acceptance by older people.
A key contribution of this study is that it highlights and details the role that intrinsic motivations play in MP acceptance by older people and their interplay with extrinsic ones. Although the basic motivational structure of MP usage turned out to be utilitarian, the fact that extrinsic motivations are strongly modulated by intrinsic one is of the utmost importance for HCI research, suggesting that designers and producers of MPs can leverage on hedonic and self-realization aspects to increase the value of the MP usage and, ultimately, its acceptance. Finally, although it is not possible to draw any straightforward comparisons with other age populations, due to the lack of similar studies for younger or adult people, a comparison with the literature reviewed above suggests that the motivational structure for MP acceptance in older people might share with that of younger and adult ones the emphasis on extrinsic motivations. Nothing can be derived, from those studies, about the way (if any) extrinsic motivations are modulated by intrinsic ones. It might well be that the most interesting differences among age populations is at this level; further studies, based on explicit acceptance models, are needed to explain probable effects.
Another important contribution to the understanding of the factors affecting MP acceptance by older people is the fact that the need for support and the influence of perceived ease of use on intention to use persist even after years of frequent usage. Since these two aspects are typical of early stages of adoption, we have argued that their persistence suggests that older people do not go beyond an initial acquaintance with the MP always maintaining a certain distance with respect to it. According to our model there are at least two ways to improve the overall confidence of older people in the MP: a) contrasting the importance of ease of use by improving long term usability of the MP, and b) given the relationships of Enjoyment and Self Actualization to PEU, leveraging on hedonic and experiential aspect, and on functionalities enhancing self-realization in older people.
